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The structure of the sheathed artery and other blood vessels in the spleen are depicted.
Scanning electron microscope (SEM) studies of animal spleens adequately perfused with saline have revealed the stereo-fine structures of this organ which had been difficult to visualize by the previous transmission electron microscope (TEM) studies of thin sections. In the rabbit (MIYOSHI, FUJITA and TOKUNAGA, 1970) , dog and rat (MIYOSHI and FUJITA, 1971 ) the rod cells of the sinus were demonstrated to be connected by their side processes into a lattice-like plate possessing persistent perforations, thus confirming the descriptions by early light microscopists (MOLLIER, 1911; HARTMANN, 1930) . Species differences in the pattern of the lattice were shown (MIYOSHI and FUJITA, 1971 ) and the occurrence of warty and fibrous microprojections of the rod cell cytoplasm was reported (MIYOSHI, FUJITA and TOKUNAGA, 1970 . Billroth cords were demonstrated to be formed by the network of reticulum cells whose meshes contained macrophages and other "free round" cells. The macrophages were characterized by their rounded cell body and bubble-like and tentaclelike microprojections covering it, and thus could clearly be distinguished from the reticulum cells of stellate shape and smooth surface (MIYOSHI and FUJITA, 1971) . That the macrophages and reticulum cells are independent cell types without 188 T. FUJITA:
transitional graduations between both was more definitely demonstrated in the SEM study on the canine lymph node (FUJITA, MIYOSHI and MURAKAMI, 1972) . The human splenic rod cells have long been said to be lacking in side processes and to be kept with each other only by the hoops attached from outside (WEIDENREICH, 1901; MOLLIER, 1911; HARTMANN, 1930; STOHR, v. MOLLENDORFF and GOERTTLER, 1963) . As the recent TEM studies of ultra-thin sections of the spleen have been incapable of proving the validity of this view, SEM studies of the human spleen have been desired. SUZUKI (1972) , thus, has been the first and, to our best knowledge, the only author who published SEM observations of the human spleen. He revealed that the human rod cells do possess side processes connecting them as the animal cells did. He further demonstrated some interesting findings such as the outside view of the sinus endothelium and some structural changes in splenomegalies associated with Banti's syndrome and hepatic cirrhosis.
The cytological information obtained by SUZUKI, however, was limited as the spleen was not perfused with saline and the cell surfaces were covered by more or less amounts of plasma proteins.
Moreover, his air-drying technique apparently made it difficult to visualize various microprojections of cells under the SEM.
Recently WEISS (1974) published an SEM study of the rat spleen confirming largely the findings of our study in this animal (MIYOSHI and FUJITA, 1970) . As he perfused the organ not through the arteries but through the interstitium, the surface of the cells in his micrographs were not completely free of blood coagulum.
Meanwhile the advance in specimen preparation methods for SEM, especially the application of critical point drying and of metal impregnation of specimens for giving it electric conductivity, has enabled much more precise and natural visualization of cell surfaces.
Moreover, the recent advance in electronics conspicuously elevated the resolution of the SEM.
The present study, using the new specimen preparation techniques and the most recently produced field emission SEM, attempts to enrich our knowledge of the fine structure of the human spleen and to examine the validity on the human level of our views obtained in the animal studies.
Material and Method
The material of this study is the spleen of a 47-year-old woman extirpated in surgery (gastro-pancreato-splenectomy) because of stomach cancer. The excised spleen was perfused, from the cut end of the splenic artery, with warmed Ringer solution until the organ turned quite pale in color. This was followed by perfusion of 2.5% glutaraldehyde (0.1M phosphate buffer, pH 7.4). The outflow of the perfusate was prevented by ligation of blood vessels at the splenic hilus, and the organ was kept in the glutaraldehyde solution.
According to the "tannin-osmium method" of MURAKAMI (1974), they were immersed in an aqueous solution of 2% glycin, 2% sodium glutamate and 2% sucrose for 16hrs, in 2% tannic acid for 24hrs, and in 2% OsO4 for 6hrs. The specimens thus intensely impregnated by osmium were dehydrated in ascending concentrations of ethanol and transferred to isoamyl acetate. The specimens, either in the stage of immersion in absolute ethanol or in isoamyl acetate, were quench-frozen in liquid nitrogen and fractured by a mechanical impact (TOKUNAGA et al., 1974) . The specimens, appropriately trimmed, were attached, the fractured surface upwards, on a metal stub with a conductive paste. A part of the specimens were observed in the SEM without giving them a metal coating. The majority of them were slightly coated with gold palladium by vacuum evaporation.
The specimens were rotated and tilted during the evaporation. All the specimens were observed and photographed in an HFS-2 type SEM (Hitachi Manufacturing Co.) under the accelerating voltage of 10kV. In order to check possible pathological changes and to obtain supplementary information about the vascular relations and cellular elements, different portions of the organ, perfused and kept in glutaraldehyde, were excised and embedded in paraffine. Sections were stained by hematoxylin-eosin and observed by light microscopy.
Results
The spleen appeared normal macroscopically and light microscopically.
No distinctly pathological changes could be noticed throughout the organ (Fig. 1) .
As reported elsewhere (TOKUNAGA et al., 1974) , the freeze-fracture of ethanol or isoamyl acetate immersed tissue blocks produced a fairly flat fracture plane showing no damage and dislocation in the cellular and fibrous structures adjacent to the fracture surface.
The surfaces of the elements forming the sinus and Billroth cords as well as the interior of blood vessels were seen completely free of proteinic depositions (Fig. 2, 3) . Fig. 1 . Light microscope view of the red pulp in the same spleen as used for SEM observation. A sheathed artery (Sh) is cross cut. The sheath is enveloped by a thin layer of Billroth cord (B) which is surrounded by sinuses (S). Note also the sinus wall partly tangentially hit, especially at the lower right. In the upper right corner is seen a part of a trabecule. Hematoxylin-eosin stain. The cells are arranged more irregularly in the branching portions of the sinus as demonstrated at the lower part of this micrograph. Arrows indicate erythrocytes hanging in a Fig. 3 . A closer view of the red pulp. The perforated structure of the wall of sinuses (S) is demonstrated in the upper part of the micrograph. On the left is seen a rod cell which has presumably traversed the sinus, though it is not clear as the cell is hit by the fracture plane. The Billroth cord is supported by reticulum cells (R) with attenuated processes, and in the meshes of their network are seen macrophages (M), leucocytes, the majority being neutrophils (N) in this micrograph, and blood platelets (P). The ruffled swelling indicated by an asterisk probably represents the By virtue of the tannin-osmium method of MURAKAMI (1974) , the specimens could be scanned without the disturbing charging effect. In the specimens without metal coating (Fig. 4) , the cells, especially their microprojections, look more or less translucent, and the images thus obtained may give interesting information concerning the internal structure of cells when viewed stereoscopically (TOKUNAGA et al., 1974 ). The precise examination of the cell surfaces is, however, favored by slight metal coating.
Splenic sinus
The sinus endothelium of the human spleen is formed by rod cells which run parallel to each other and mostly, but not always, longitudinally to the course of the sinus. The rod cells are long and flattened cells whose nuclear portion forms a conspicuous ovoid elevation into the sinus lumen.
The neighboring cells are bridged by lateral cytoplasmic processes, which, together with the longitudinal cell bodies, frame oval or spindle-shaped perforations (Fig. 5 ). This relation may be visualized also by careful observation of the tangentially hit sinus wall in light microscope sections (Fig. 6) . In closer SEM views, a cell boundary traverses the middle of the cell bridge as a suture-like line in the surface (Fig. 7) . When the sinus wall is less extended, the rod cells appear to be connected intermittently by their side attachment and the lateral processes are inconspicuous. The cell boundaries are represented in this case by deep and sharp indentations between the rods. Slit-like perforations, however, always are present between the rods (Fig. 8) . The rod cell is gradually thinned in its peripheral portions and, exactly as illustrated by WEIDENREICH (1901) , ends in a tapered point intercalated by its lateral neighbors (Fig. 8) .
The lattice pattern formed by the rod cells is twisted in certain parts of the sinus, especially complicatedly at the site of their branching (lower part of Fig. 2; Fig. 9 ). A rod cell may bifurcate.
Rarely a smaller sinus may be obliquely traversed by one or a few rod cells (Fig. 3) . A cell body or its process may cross over another cell (Fig. 9 ). The general, two-dimensional extension of the sinus endothelium may thus occasionally be broken. In closer views, the rod cells are smooth in surface but provided with a few microprojections, partly warty or drop-like and partly thread-like numerous on or near the nuclear elevation of the cells (Fig. 4, 8, 9 ). Besides the broad side processes above mentioned, the rod cells may possess small, spiny side processes to be connected with adjacent rod cells (Fig. 9) .
Numerous erythrocytes hang, in a dumbbell shape, on the bridges of the rod cells from outside, pushing two swollen heads into the sinus lumen through two adjacent perforations of the endothelium (Fig. 2, 4 , 5). The hanging erythrocytes on the sinus wall are numerously found also in the light microscope sections (Fig. 23 ). In closer SEM views, the whole shape of an erythrocyte with its thinned part going around the rod cell bridge may be visualized in an appropriate fracture plane (Fig. 10) .
Macrophages characterized by their microvillous projections (vide infra) are either attached from the luminal side to the sinus lattice or projecting, with a major or minor part of their body, from outside into the lumen (Fig. 4, 5, 8) . Some cells appear just wandering through overlap the bridges of the rod cells (Fig. 12, 13 ). They are represented by the laterally extended ends of reticulum cell processes (vide infra). The reticulum fibers or ring fibers sandwiched by the rod cells and the reticulum cell end-feet are completely hidden from view. Noteworthily, each hoop (ring fiber plus reticulum cell end-feet) is fixed in a corresponding groove on the rod cells, so that the outer surfaces of both elements form a flat plane (Fig. 13) . In early observations (HARTMANN, 1930) it was noticed that the ring fiber was pressed into the rod cells and, that when isolated under the light microscope, the latter revealed indentations.
Billroth cords
The splenic cords are formed by a network of reticulum cells which are stellate in shape with a central or perikaryal thickening and several thin processes connecting with those of adjacent cells (Fig. 3, 12) . The cell surface is smooth except for an occasional occurrence of thread-like microprojections.
The reticulum fibers which are known by the TEM studies to be embraced or sandwiched by the reticulum cell precesses may occasionally be exposed in fracture surface and identified as such under the SEM (arrows in Fig. 5, 14) . The reticulum cells adjacent to the sinus send one or two of their processes to reach it and to form the cellular component of the hoop (Fig. 3, 12, 13 ).
In the meshes of the reticulum cells numerous "round" or "free" cells are found, though some of them apparently are "fixed" on the reticulum cells (Fig. 3, 5, 8, 14, 15) . Fig. 10 . A lateral (a) and a frontal (b) view of erythrocytes hanging on the rod cell lattice which has been fractured Large round or slightly irregular-shaped cells with dull appearing, villus-like and ridge-like microprojections are thought to be mainly neutrophil leukocytes, as the cells in question under the SEM coincided in surface structure with the SEM images shown by HATTORI (1972) and by ITO and HATTORI (in preparation) under the category of neutrophils.
Light microscope observation of the present material indicates Fig. 11 . A macrophage (M) extending its processes (m). It likely is wandering through a occurrence of numerous neutrophils in the Billroth cords. Eosinophils which also are found light microscopically in the cordal meshes, though much less in number than the neutrophils, are difficult to distinguish from the latter under the SEM. Occasionally basophils are encountered whose SEM image is characterized by foliate microprojections on the cell surface (Fig. 15) , as shown in the combined light microscope and SEM study by HATTORI (1972). 
cells (R). A probable end portion of an artery is cross cut (A). Its attenuated lining is apparently perforated (arrows). E erythrocytes, m macrophage
Probable lymphocytes are also numerous, which are smaller in size than the granulocytes and possess more or less extended villous or spinous microprocesses. There are possible B cells densely covered by microprocesses ( Fig. 16 ) and possible T cells with sparse ones often growing on restricted regions of the cell surface leaving other regions bald (Fig. 8, 15 , 17). Plasma cells, which are known by light microscopy to occur frequently in the present specimens, are difficult to identify under the SEM. A few leukocytes are apparently in locomotion showing a pseudopod covered by characteristically ruffled cytoplasm (asterisk in Fig. 3 ) and/or a slender uropod provided with villous microprojections (arrow in Fig. 21) (BESSIS, 1973) . Most leukocytes, however, are round in shape presumably because of the effect of the perfusion performed in this study.
Macrophages are dispersed here and there in the mesh of Billroth cords (Fig. 3) . As above noted, they are especially numerous adjacent to the sinus (Fig. 5, 8) . They are generally large in size, round in shape and densely covered by bubble-like, drumstick-shaped or spinous microprocesses (Fig. 5, 8, 11, 16 ). Some macrophages are more or less irregular in shape sometimes showing an apparent pseudopod (Fig.  11) , while some others appear flattened (as the cell labeled M2 in Fig. 16 ). These types generally are attached to the sinus lining cells or to the reticulum cells. Some fractured macrophages reveal large vacuolar or cavernous inclusions which probably correspond to phagosomes (Fig. 18 and 19 in TOKUNAGA et al., 1974) . Occasionally a macrophage is found in close juxtaposition, though it is unknown whether in continuity or contiguity, to a lymphocyte either of a type covered with numerous long microprocesse or of a type with fewer, more irregularly growing microprocesses. In some instances both cells extend a cytoplasmic arm to touch each other (Fig. 17) , while in others they are more closely attached with their cell bodies (Fig. 16) .
Blood platelets are amply found in the Billroth cords (Fig. 3, 14) . They are gentorial margin, a few string-like processes or, according to the generally used termino-13-16). Most of the platelets seem to be simply caught in the meshes of the cord but some are attached to round cells. Especially often is a macrophage covered by a rosette of platelets, each one of which is anchored by a pseudopod extended to the cell. Few platelets showed such thickened cell body and warty projections as seen in their viscous transformation (HATTORI et al., 1969 ).
Blood vessels
Vessels other than sinuses will be described. The trabecular arteries, entering Their lumen, when cross cut, is usually stellate in shape. The endothelial nuclei are elongate longitudinally and bulge into the lumen. The luminal surface seems to possess few microprojections.
Here and there in the red pulp one may see the penicillar arteries fractured in different directions, which partly represent the sheathed arteries (Fig. 2) . The endothelium of the sheathed artery appears relatively thick (Fig. 19-21 ) and its luminal surface is provided with granular and villous microprojections.
The sheath is formed alternately by thinned cells and a granular looking layer which is a mixture of vesicular cell processes and the cut ends of probable collagen fibrils (Fig. 19-21 ). This compact part of the sheath is further surrounded by a loose aggregation of more thickened cells, most of which are macrophages covered by bulbous and villous microprocesses (Fig. 19, 21 ). Well developed sheathed arteries are also light Figure 19 . Compact cytoplasm and loose fibrous and granular elements are alternately layered. The former includes, endothelium (En), reticulum cell processes (r) and probable macrophages (M). The latter likely contain macrophage microscopically recognized in the paraffine sections of the present material (Fig. 1) . Some SEM images suggesting an "open" termination of the penicilli were obtained in this study. We often encountered a cross cut or obliquely hit tunnel formed by wing-like extensions of reticulum cells (Fig. 12, 22 ). The lumen of this presumable end portion of a penicillar twig was round or angular in shape, giving the caliber the luminal surface is smooth and often open to the cordal space with small stomata of irregular or oval shapes (Fig. 12, 22) . The nature of the arterial terminations was examined in numerous light microscope sections of the present material.
Structures exactly corresponding to the "tunnels" in the SEM views were frequently encountered in the Billroth cords (Fig.   23 ). They often run in a thin cord sandwiched by sinuses but were never found to be directly connected with the sinus wall. On the contrary, there were many figures Fig. 22 . A part of Billroth cord revealing an outer side of a sinus (W) and a cross cut tunnel probably representing an arterial end portion (A). This tunnel which seems to be lined, at least partly, by mere reticulum cells, is perforated. M macrophages, P platelets, r reticulum cell pro-strongly supporting the view that the arterial terminals gradually open into the cordal meshes. Figure 23 suggests that an apparent arterial end has, after perfusion, released erythrocytes into the cord, many of which remain in the cordal spaces, whereas others hang on the sinus wall pushing their divided body into the sinus lumen.
The sinuses confluence to a thicker pulp vein. A few pulp veins confluence in their turn into the trabecular vein. In the pulp veins, the swellings of the endothelial nuclei, mostly elongate longitudinally, are prominent as in the sinuses, but the perforations are lacking. The endothelial surface is provided with a few villous microprojections.
White pulp
The white pulp appears under the SEM as a loose aggregation of small round cells most of which are believed to be lymphocytes.
The fine surface structure of the cells is, however, obscured by slight deposition of muddy substances.
The perfusate does not seem to have sufficiently reached the intercellular spaces of the white pulp.
Discussion
After our previous papers reported the stereo-fine structures of the red pulp of the rabbit (MIYOSHI, FUJITA and TOKUNAGA, 1970) , dog and rat (MIYOSHI and FUJITA, 1971) , SUZUKI (1972) published a paper on his SEM observations of the human spleen. He reported that the structures of the sinuses and cords were essentially identical with our findings in animals. SUZUKI also revealed pathological changes in the spleen in Banti's disease and hepatic cirrhosis, such as irregularly arranged rod cells and reduced stomata in the sinus. Unfortunately, SUZUKI omitted perfusion of the organ with saline prior to the perfusion with the fixative, and as a result his specimens are covered by considerable amounts of plasma proteins. The simple cutting with a razor blade and the air drying technique he used caused further damage to the fine surface structures of cells.
Applying the solvent-freeze fracture technique (TOKUNAGA et al., 1974) and critical point drying method to the spleen completely washed by a saline perfusion, the present study could first visualize the fine surface structures of the sinus rod cells and different cell types forming the Billroth cords in the human spleen. The intense osmium impregnation of the tissue after the "tannin-osmium method" (MURAKAMI, 1974) was especially effective in the spleen whose sponge-like structure otherwise is difficult to be scanned without charging effects even after a heavy metal coating. Furthermore, the elevated resolution in the field emission type microscope greatly facilitated the visualization of subcellular structures in the present study.
Splenic sinus
As reviewed elsewhere (MIYOSHI, FUJITA and TOKUNAGA, 1970) , it was the light microscopic study by MOLLIER (1911) which exactly described and illustrated the grid pattern of the sinus endothelium formed by the longitudinal cytoplasm of rod cells and their transverse bridges. In our previous studies in some animals we could fully confirm the structure proposed by MOLLIER.
MOLLIER (1911), however, erroneously judged that human and simian rod cells differed from those of other mammals in their lack of side processes forming the transverse bridges, which, according to his observation, were lost during ontogenesis. This view together with the classical observation by WEIDENREICH (1901) who regarded the rod cells as simple "Stabchen," seems to have much influenced the later authors. Most of the authors of modern textbooks of histology describe and/or illustrate the rod cells lacking in transverse bridges (AREY, 1963; TOGARI, 1964; BLOOM and FAWCETT, 1968; HAM, 1969; OSOGOE, 1969 : BUCHER, 1970 ELIAS and PAULY, 1970; JUNQUEIRA and CARNEIRO, 1971) . STOHR, v. MOLLENDORFF and GOERTTLER (1963) , showing a beautiful light microscopic preparation of canine sinus with a grid pattern, describe: "Die quer verlaufenden Zuge des Gitters sind beim Menschen fast vollstandig zu Stutzfasern umgewandelt (sogenannte Ringfasern)." BARGMANN (1967) gives two illustrations: one for the canine sinus wall of grid pattern and another for the human sinus formed by simple rods.
It is noteworthy that the modern transmission electron microscope studies of thin sections contributed little to visualize the structure of the splenic sinus. The study by PICTET and his associates (1969) using perfused rat spleen noticed that the rod cells are arranged keeping spaces, but could not elucidate the bridging and connection of the cells. HIRASAWA and TOKUHIRO (1970) report that the adjacent rod cells, in the non-perfused human spleen, showed "some mild interdigitation in the basal part, but no special junctional apparatus."
The SEM findings by SUZUKI (1972) and of the present study unequivocally revealed that the rod cells of the human splenic sinus do not differ from other mammals in possessing lateral processes connecting them. As shown in Figure 6 this fact can be easily confirmed by light microscopy and it is unbelievable that the above described view on a special structure of the human sinus has been accepted. The present study first demonstrated the occurrence of cell junctions between the lateral processes of the rod cells. As far as we are aware, a junctional structure of rod cells has been shown in none of the previous TEM studies. Including PICTET et al., (1969) who correctly reported the "intercellular spaces" between the rod cells, most authors apparently have not attempted to look for such a junction, being influenced by the erroneous view that the sinus wall was formed by a palisade of simple rods without transverse bridges. CHEN and WEISS (1972) describe that the human sinus is formed by simple rods "arranged side by side without junctional complex."
Occurrence of microprojections of various length in the rod cells including thread-TOKUNAGA, 1970) and confirmed in the human spleen in this study. Their significance is unknown, though it may be hypothesized that they receive certain physical or chemical information of the blood. It is worthy to mention that the luminal surface of blood vessels may not be so smooth as hitherto believed, since hair-like processes densely growing on the arterial endothelial cells have been reported in the recent SEM studies (SMITH et al., 1971; TOKUNAGA, OSAKA and FUJITA, 1973; EDANAGA, 1974) . The backside view of the sinus was demonstrated in our previous paper (MIYOSHI and FUJITA, 1971 and in the recent paper by WEISS (1974) . The relation of the rods and hoops was more clearly visualized by SUZUKI (1972) in the human spleen. The present paper with a higher resolution confirms that each hoop is fixed into a transverse groove in the rod cells. Early light microscopists were already aware of the fact that the ring fibers were pressed into the rod cells (HARTMANN, 1930) .
Billroth cord
Based on our light microscopic and transmission and scanning electron microscopic studies on the mammalian spleen and lymph node we proposed the view that the macrophages and the reticulum cells should be distinctly distinguished from each other (FUJITA, MIYOSHI and MURAKAMI, 1972) . This view could clearly be confirmed in the present finding in the red pulp of the human spleen. The macrophages are covered by bubble-shaped or tentacle-like microprojections of cytoplasm, and either free in the tissue space as round cells or apparently "wandering," being attached to other cells and extending their pseudopodia.
They, and only they, are able to phagocytose large bodies such as erythrocytes. The reticulum cells, on the other hand, are stellate in shape, smooth in surface and are specialized for the framing of the tissue. There are found no transitional forms between the two cell types.
Our view thus discriminating between the macrophages and reticulum cells is in accordance with the concept of PICTET et al. (1969) who, on the basis of their TEM observations of the spleen and some other tissues belonging to the reticulo-endothelial system, regarded, and even designated, the reticulum cells as "fibroblasts." Their view differs, however, from ours as they conceive of transformability and graduations between some endothelial cells, including sinus rod cells, and the macrophages. It may be worthy to be added that in their recent SEM study of the lymph node LUK, NOPAJAROONSRI and SIMON (1973) clearly discriminated the macrophages from the reticulum cells which they designated "trabeculae."
Many macrophages in the cordal space were shown in the present study to push their body or processes into the sinus lumen. Corresponding figures were shown in the TEM study of BURKE and SIMON (1970 b) who revealed that it was those intrasinal processes of macrophages which first detect and phagocytose the carbon particles experimentally introduced into the splenic circulation.
Macrophage-lymphocyte association was occasionally found in the present study, though it was impossible by SEM to determine whether a mere cell contact or an actual cytoplasmic fusion or exchange might occur there. The latter possibility has been proposed by some authors in relation to the possible transmission of immunological information from the phagocytotic macrophage to the antibody-forming lymphocyte (SCHOENBERG et al., 1963 ; see also the review by CARR, 1973 ).
The present study shows that there are lymphocytes densely covered with villous microprojections corresponding to the B type and those possessing less numerous and regular microprojections corresponding to the T type. These surface structural criteria adopted in the present study are based on the combined SEM and immunological study by LIN et al. (1973) . However, it is worthy to note that some authors, though essentially admitting these criteria, claim that a considerable portion of lymphocytes may have atypical surface architecture leading to an unequivocal or erroneous identification of their cell type (POLLACK et al., 1974) .
The present study revealed numerous blood platelets of an intact appearance in the meshes of the splenic cords. Except for the occurrence of a few pseudopods (thin processes), they showed no further signs of viscous metamorphosis.
Numerous blood platelets contained in the spleen have been known since ASCHOFF (1892) made a comprehensive observation of "Milzplattchen" in animal and human spleens (see also HARTMANN, 1930) . SIMON and PICTET (1964) , in their TEM study of non-perfused rat spleen, reported the occurrence of numerous platelets within the sinus as well as in the cordal spaces, a few of which were phagocytosed by the "reticulum cells" (see also TISCHENDORF,1969) . The studies of idiopathic thrombocytopenia recently indicate that in this auto-immune disorder, platelets are rapidly destroyed and cleared in the spleen (KARPATKINS, GARZ and SISKIND, 1971) and this is attained by the phagocytotic activity of splenic macrophages against antibody-coated platelets (ISHIHARA, MATSUMOTO and UCHINO, 1974) . WEISS (1974) first visualized the splenic platelets under the SEM. He saw abundant platelets adherent to the reticulum and rod cells in the rat spleen and wrote: "Such adherence appeared to be the manner in which the platelets were sequestrated in the spleen."
Apart from the possible destruction of platelets, the spleen is known to store intact platelets and may release them in response to appropriate stimuli (WINTROBE, 1967) . Using 51C-labeled platelets, ASTER (1966) evidenced that in normal human subjects "about one-third of the total platelet mass is concentrated in the spleen, exchanging with the remaining two-thirds of platelets." It is furthermore hypothesized that the platelets which have been demonstrated to phagocytose fine particles (FERREIRA, 1961; BURKE and SIMON, 1970) and some viruses (DANON, JERUSHALMY and DE VRIES, 1959 ; see also MUSTARD, ROWSELL and MURPHY, 1966) , may be gathered in the blood filtration site of the spleen to be positively involved in the protection of the body.
The present study demonstrated that occasionally the platelets formed a rosette around a macrophage.
The significance of this phenomenon is unknown but it reminds us of the rosetting phenomenon or "satellitism" of the platelet reported by light microscopy around neutrophil leucocytes in EDTA anticoagulated blood of some patients (FIELD and MACLEOD, 1963; SIGNY and GREEN, 1963; CROME and BARKHAN, 1963; PRCHAL and BLAKELY, 1973; KJELDSBERG and SWANSON, 1974) . This phenomenon was recently proposed to indicate in vitro phagocytosis of platelets by the polymorphs in the TEM study by REISMAN and SABESIN (1974) . The rosetting platelets in our material, however, seem not to be phagocytosed as they appear in contact or connection with the macrophage only with their extended pseudopods.
Our material is not treated with EDTA and no polymorphs in the spleen seem to be surrounded by the platelets.
Rather more suggestive in the interpretation of our finding seems to be the view of BURKE and SIMON (1979) who state: "It is probable that blood platelets play an important part in trapping particles for presentation to the macrophages" (see also CARR, 1973 ).
Blood vessels
The structure and function of the sheathed artery has been one of the riddles of the spleen. Despite a conspicuous discrepancy in the opinions of authors, it seems a prevailing view that the sheathed artery repesents a filtrating apparatus of blood and that the sheath is formed by a spindle-shaped concentration of reticular tissue including phagocytotic cells (TISCHENDORF, 1969; WEISS, 1972) . The flattened cells with numerous bulbous microprocesses found in the fractured sheath in the present study may be regarded as macrophages.
Occurrence of numerous macrophages in the relatively loose cell layer surrounding the compact part of the sheath is unequivocal. That "cells proper to the pulp reticulum may often be tightly attached to the sheath" has precisely been described and illustrated by HARTMANN (1930) .
The mode of the termination of the penicilli has attracted the largest interest of histologists for many decades (for reference see TISCHENDORF, 1968) . A direct connection of the arterial ends with the sinuses ("closed" theory) seems to be the case in the rat as KNISELY (1936) demonstrated it by light microscope observation of the spleen in living animals and as we confirmed it by SEM observation of plastic vascular casts (MURAKAMI, FUJITA and MIYOSHI, 1973) .
In the present study we propose that the "open" theory may be applied to the human spleen. Under the SEM we demonstrated some probable end portions of penicilli which showed structural graduations to the spaces surrounded by reticulum cells of the Billroth cord. Stomata were shown to occur on the wall of the probable arterial ends. Also by light microscopy of the present material, we believe wo have obtained numerous figures strongly supporting the open theory. The finding shown in Figure 23 is one of the examples.
This view does not accord with that of TISCHENDORF (1969, p. 610) , who, on the basis of his own (1959) and other authors' light microscopic findings, concludes: "Die unmittelbare Verbindung von Capillaren und Sinus stellt zweifellos fur die menschliche Milz den Normalzustand dar." CHEN and WEISS (1972) , on the other hand, support the open theory in their TEM study on the human spleen (see also WEISS, 1972) .
We have two subsidiary grounds for the open theory in man. Firstly, we demonstrated that every dumbbell-shaped erythrocyte hung on the sinus wall was pushed from the cordal to the luminal direction. This seems to imply that blood and perfusates streamed from the cords to the sinuses and this favors the "open" theory. The same mode of "trapping of erythrocytes" was recognized in the TEM study of a non-perfused human spleen by HIRASAWA and TOKUHIRO (1970) who also noted this phenomenon as "indicating the direction of the blood stream from the pulp cord to the sinus lumen."
Secondly, the SEM images of the plastic casts of the splenic vascular bed in the rhesus monkey (MURAKAMI, personal communication) supports, in contrast to the result in the rat, the view of "open" circulation in this primate species. A corresponding study of the casts in the human spleen is desired.
